Purpose This study aims to compare the predictive value of POSSUM, P-POSSUM, CR-POSSUM and CR-BHOM in colorectal surgical mortality and morbidity in patients over 80 years old. Methods This is a retrospective observational longitudinal study. A total of 991 patients who underwent major colorectal surgery between 2008 and 2012 in a secondary hospital in Portugal were screened, and 204 who were over 80 years old were included. Subgroup analysis was performed for malignant/benign disease and emergent/elective surgery. The main outcome measure was 30-day postoperative mortality and morbidity with Clavien-Dindo classification ≥2. Results Of the 204 patients included in this study, 155 had malignant disease, and 65 underwent emergent procedures. Overall average age was 84.3±3.9 years (range 80-100). Overall surgical mortality and morbidity were 18.6 % (n= 38) and 52.4 % (n=87), respectively. Expected mortality followed the order P-POSSUM<CR-POSSUM<CR-BHOM (p < 0.001), and expected morbidity followed the order POSSUM<CR-BHOM (p<0.001) in all groups. All scores were higher in the emergent surgery group compared with elective surgery (p<0.05). All scores had sensitivity below 60 %. Physiology scores were higher among patients with surgical mortality (p<0.05), with no differences in operative scores. Conclusions In our population, CR-POSSUM was the best predictor of surgical mortality. POSSUM and P-POSSUM underestimated surgical mortality and morbidity, and CR-BHOM overestimated surgical mortality, being however the best predictor of morbidity. Nevertheless, none of the scores showed sufficient discriminatory power to have clinical application value. Moreover, our results suggest that, in elderly patients, it is the patient's health status and not the type of surgery that is mainly responsible for the surgical outcome.
Introduction
Morbidity and mortality analysis is an imperative quality and excellence criterion at any surgery department and should be periodic and objective. However, the specific clinical condition of each patient and the type of surgery have to be taken into account, and several scores have been developed in an attempt to predict mortality and morbidity, not only in general surgery [1, 2] but also in colorectal surgery in particular [3, 4] . Of the several existing scores, the Physiology and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM), proposed in 1991 [2] , and later adjusted in 1996 to the Portsmouth POSSUM (P-POSSUM) [1] are the most widely used worldwide for general surgery. However, some studies reporting that both of these scores overpredicted mortality in colorectal surgery [5, 6] led to the development of a new score, the colorectal-POSSUM (CR-POSSUM) [4] , attempting more specificity with less variables. The accuracy of CR-POSSUM is controversial, with some studies reporting that it is more accurate than POSSUM or P-POSSUM [7] [8] [9] [10] [11] , others reporting that it is equivalent to P-POSSUM [12, 13] , and others showing that all three versions of POSSUM overpredict mortality in colon cancer resection [14] . At least one study reports that POSSUM and P-POSSUM are better predictors of mortality than CR-POSSUM [15] . Given these controversial results, a new score was developed in 2011, the CR-BHOM, which uses a minimum number of variables to predict post-operative outcomes for patients undergoing colorectal cancer resection [3] .
All the abovementioned scores were developed for the general population, and its applicability to elderly patients remains understudied. Elderly patients requiring colorectal surgery are a growing population, with very specific physiological and pathophysiological characteristics, which demand several expensive resources and often pose an ethical dilemma concerning the risk/benefit of the surgery. Therefore, it is paramount to assess the applicability of the existing scores to this specific population of patients. Very few studies have compared POSSUM scores in elderly patients with contradictory results, with some finding these scores useful [16] but others stating that they overpredict mortality and morbidity [17, 18] in these patients. No studies have tested the recently developed CR-BHOM in different settings, geographical locations, or elderly patients.
Given the above details, we compared the predictive value of POSSUM, P-POSSUM, CR-POSSUM, and CR-BHOM in colorectal surgical mortality and morbidity in patients over 80 years old in order to ascertain which of these scores was more accurate in our population.
Materials and methods

Patients
A total of 991 cases of patients who underwent major colorectal surgery between January 2008 and December 2012 at Hospital Prof. Doutor Fernando Fonseca E.P.E., Amadora, Portugal, a secondary hospital in Amadora, Portugal, with a team specifically dedicated to colorectal surgery were reviewed retrospectively. Of these 991, 204 patients were over 80 years old and were included in this study. Surgical protocols were approved by the Institutional Review Committee of Hospital Prof. Doutor Fernando Fonseca E.P.E. All participants provided written informed consent for the data to be used in scientific studies, which is included in the written informed consent to undergo surgery.
Assessment of patients
Elderly patients undergoing oncologic surgery are diagnosed and staged according to the NCCN guidelines. A multidisciplinary team then determines if the patient should undergo surgery. This team always convenes in the case of elective surgery, but in the case of emergency surgery this is not always possible. Emergency surgery is chosen if the patient needs a surgical intervention in the first 24 h after establishing the diagnosis of the colorectal pathology. Pre-operatively, all patients are assessed regarding clinical, analytical, radiological, and anesthetical parameters. The nutritional status is always assessed using the Mini Nutritional Assessment [19] , and the cognitive status is assessed in patients undergoing elective surgery using the Mini Mental State Examination [20] . Post-operatively, classification as benign or malignant disease is based on anatomopathological analysis of the surgical piece. Morbidity was considered to occur if the patient had a Clavien-Dindo classification of grade II or higher.
Data collection and calculation of scores Data were collected by the authors from the clinical files, operating room files, and admission and discharge records. Then, 30-day post-operative complications were collected at follow-up, either during regular follow-up consultations at 2 and 4 weeks post-operatively or due to admittance to the ER. Type of data collected included demographic data, co-morbidities, analytical variables, and intraoperative and postoperative variables classified and coded according to the assessed scores. POSSUM, P-POSSUM, and CR-POSSUM were calculated using the online calculator of the Association of Coloproctology of Great Britain & Ireland [21] . CR-BHOM was calculated as described by Farooq et al. [3] . Both the POSSUM and the P-POSSUM scores are calculated using the same set of variables; only the formula varies. These variables are divided in two groups: physiological variables and operative variables. The physiological variables used, which together account for the physiology score, are age, cardiac signs, respiratory history, electrocardiogram, pre-operative systolic blood pressure, pulse rate, hemoglobin, white cell count, urea, sodium, potassium, and the Glasgow coma scale; the operative variables used, which together account for the operative score, are operation severity, number of procedures, operative blood loss, peritoneal contamination, malignancy status, and operative urgency. The CR-POSSUM score uses less variables: the physiological variables used are age, cardiac signs, systolic blood pressure, pulse rate, hemoglobin, and urea; the operative variables used are operation severity, peritoneal contamination, malignancy status, and operative urgency. The CR-BHOM score only uses five physiological variables: mode of admission (emergent or elective), age, urea, sodium, and albumin. Predictive values of morbidity and mortality were assessed by calculating observed to expected (O/E) ratios [22] and by ROC curve analysis. There were no missing data.
Statistical analysis
Statistical analysis was performed using the SPSSv17 software. Data were analyzed considering all patients and four subgroups: malignant or benign disease and elective or emergent surgery. Between-groups analysis was performed using independent-samples t tests or χ 2 for continuous and discrete variables, respectively. Within-group analysis was performed using paired-samples t tests, and the Bonferroni correction was applied when necessary. Sensitivity and specificity of all scores were analysed by ROC curve analysis. Two logistic regressions were performed to identify predictors of mortality and morbidity. Tests were considered significant at α=0.05 significance level (two-sided).
Results
Patient characteristics
Patient characteristics are summarized in Tables 1 and 2 . Of the 204 patients, 139 underwent elective surgery and 65 emergent procedures. A total of 155 had malignant disease, and 49 were benign cases. Overall average age was 84.3± 3.9 years [80-100], and 53.4 % of patients were women, with no differences between groups. None of the studied parameters was different between groups with the exception of serum urea, which was higher in patients who underwent emergent procedures than in patients who underwent elective surgery. Length of hospital stay was not different between groups (overall 20.1±32.9 days; elective surgery 17.3±21.4 days; emergency surgery 26.2±48.9 days; benign disease 28.7± 55.7 days; malignant disease 17.4±20.7 days; p>0.05).
Expected, observed, and O/E mortality and morbidity overall and by type of surgery Overall expected mortality followed the order P-POSSUM<CR-POSSUM<CR-BHOM (p<0.001) ( Table 3 ). This statistical significance held when comparing elective and emergent procedures in the same order. The same was observed when analyzing expected morbidities, with POSSUM<CR-BHOM in all groups (p<0.001). Given the observed mortalities and morbidities, observed/expected (O/E) mortality ratio followed the order P-POSSUM>CR-POSSUM>CR-BHOM in the elective surgery group (p<0.001) and overall, although with loss of statistical significance between CR-POSSUM and CR-BHOM overall. In the elective surgery group, the only significant difference in O/E mortality ratio was P-POSSUM>CR-POSSUM (p<0.001). O/E morbidity ratios followed the order POSSUM>CR-BHOM in all groups (p<0.001). When comparing emergent and elective surgery, all scores were higher in the emergent surgery group (p<0.05), with loss of statistical significance in some comparisons between O/E mortality and morbidity ratios.
Expected, observed, and O/E mortality and morbidity by malignant or benign disease Expected mortality followed the order P-POSSUM<CR-POSSUM<CR-BHOM (p<0.001) for both groups ( Table 4 ). The same was observed when analyzing expected morbidities, with POSSUM<CR-BHOM in both groups (p<0.001). Given the observed mortalities and morbidities, observed/expected (O/E) mortality ratio followed the order P-POSSUM>CR-POSSUM>CR-BHOM in both groups (p<0.001), although in the malignant disease group there was no statistical significance between CR-POSSUM and CR-BHOM. O/E morbidity ratio followed the order POSSUM>CR-BHOM in both groups (p<0.001). Moreover, CR-POSSUM expected mortality and CR-BHOM expected morbidity were higher for benign disease compared with malignant tumors (p<0.05), and the CR-BHOM O/E morbidity ratio was also lower for benign disease compared with malignant tumors (p<0.05). The OS of CR-POSSUM was higher in benign disease (9.2±2.5 vs 8.2± 1.4, p=0.006) compared with malignant tumors, and the PS-CR-POSSUM and the OS and PS of P-POSSUM were not different between these two groups (16.2±3.6 vs 15.4±1.2, 14.6±4.0 vs 13.5±4.4, 24.0±5.4 vs 23.3±5.2, respectively; p>0.05). The percentage of emergency procedures for complicated benign disease was superior compared with malignant disease (59.2 vs 23.2 %, p<0.001). Sensitivity and specificity of all scores were analyzed by ROC curve analysis considering the whole population sample. None of the scores showed reasonable discriminatory power concerning mortality and morbidity. Sensitivities were all below 60.0 % ( Table 5 ).
PS and OS scores by mortality and morbidity P-POSSUM physiology scores (PS) and operative scores (OS) were higher than the equivalent CR-POSSUM scores within both survivors and non-survivors (p<0.001). Both PS scores were higher among patients with surgical mortality (p<0.05), but no differences were found on OS scores (Table 6 ). Both PS and OS scores were significantly higher among patients with surgical morbidity (p<0.01) ( Table 7) . PS-P-POSSUM, OS-P-POSSUM, and OS-CR-POSSUM were all higher in emergent procedures compared with elective surgery (p<0.001).
Logistic regression analysis
Using the predictors age, serum urea, serum sodium, serum albumin, physiological scores, and operative scores, two logistic regression analysis were performed, one with mortality and the other one with morbidity as the independent variable. Results show that for each year of age, mortality increases by 1.1 times (HR=1.107, 95 % CI=1.005-1.219, p=0.039); for each unit decrease in serum albumin, mortality increases by 58.6 % (HR=0.414, 95 % CI=0.234-0.735, p=0.003); and for each unit increase in the P-POSSUM physiology score, mortality increases by 1.1 times (HR=1.114, 95 % CI=1.028-1.208, p=0.008). None of the other variables were 
Discussion
In our hospital and in a 5-year period, almost 20 % of major colorectal surgeries were in patients over 80 years old, with an increasing percentage over the years. The evaluated scores estimated different mortality rates in all studied groups, with CR-POSSUM being the best predictor overall and in elective surgery and P-POSSUM being the best predictor in emergency surgery, although underestimating mortality. CR-BHOM was the best morbidity predictor regardless of the group. The fact that PS were higher among patients with surgical mortality with no differences in OS indicates that surgical outcome depends on the patient's condition and co-morbidities and not on the surgical variables, suggesting that the decision to operate should be based on the patient's physical condition and not on age. Sodium levels and type of admission were not predictors of mortality or morbidity, but a lower serum albumin level was a predictor of mortality, supporting the conclusion that in elderly patients, it is the patient's health status and not the type of surgery that is mainly responsible for the surgical outcome.
Overall observed mortality and morbidity in the elderly undergoing abdominal surgery vary considerably, ranging from less than 2 % [26, 27] to 10-15 % [18, 28] and 30.7-51.3 % [18, 26, 29] , respectively. In our series, they were 18.6 and 52.4 % respectively, and the higher mortality values may be due to the fact that 31.9 % were emergent procedures, which have been shown to increase this percentage [16, 28] . Moreover, many of our patients had tumors, and they were all over 80 years old, whereas several of the abovementioned studies include different pathologies and patients over 70 years old, which will influence the results, given that age group and pathology are important factors concerning surgical morbidity and mortality.
Different results have been reported concerning POSSUM, P-POSSUM, and CR-POSSUM prediction of morbidity and mortality in elderly patients [6, 16-18, 26, 28, 30] . These disparities in results highlight the importance of assessing these scores in different populations, settings, and geographic locations, strengthening the fact that other variables influence morbidity and mortality, especially in the elderly, a population socially more vulnerable, with less access to healthcare services and usually a delayed diagnosis. Moreover, the fact that P-POSSUM includes cardiorespiratory variables, in categories which are not completely objective, may contribute to this variability.
In our population, hypoalbuminemia, which is known to reflect the patient's nutritional and disease status, was a predictor of mortality, which is in line with other reports in younger populations [7, 31, 32] , confirming that albumin levels should also be taken into account in older populations when assessing surgical risk. However, albumin was not a predictor of morbidity, in contrast with what has been reported in a group of patients over 71 years old, in which the nutritional status correlated with postoperative complications [29] . We may speculate that, given the age of our population, other factors and pre-existing co-morbidities may have a more pronounced impact on surgical outcome than albumin levels alone, as opposed to what occurs in younger populations [31, 33]. Nevertheless, and although CR-BHOM is the only score that includes serum albumin as a predictor [3] , it overestimated surgical mortality but was the best predictor of morbidity. This overprediction of mortality and morbidity was particularly high in the emergent group (Table 3) and certainly had impact on the overall results, suggesting that CR-BHOM needs adjustment for emergent procedures. CR-BHOM also overpredicted morbidity in the benign disease group compared with the malignant group (Table 4) , which may be due to the fact that, in our population, the percentage of emergent procedures for complicated benign disease was higher than for malignant disease (p<0.001), thus probably biasing these results. ROC curve analysis showed that none of the scores showed reasonable discriminatory power concerning mortality and morbidity, and sensitivities were all below 60.0 % ( Table 5) . Studies including patients of all ages who underwent colorectal cancer surgery have reported different results concerning the discriminatory power of these scores for mortality: no discriminatory power (AUC<0.6) for P-POSSUM [23] and CR-POSSUM [12, 23] , no reasonable discriminatory power (0.6<AUC<0.7) for POSSUM [11, 23] , P-POSSUM [10, 11] , and CR-POSSUM [8, 10] , fair discriminatory power (0.7<AUC<0.8) for P-POSSUM [12, 24] and CR-POSSUM [7] , and even good discriminatory power (0.8<AUC<0.9) for CR-POSSUM [11, 24] . Concerning morbidity, one study reports a fair discriminatory power of POSSUM [11] . Studies including colorectal surgery for several pathologies report good discrimination for mortality for P-POSSUM [4] and CR-POSSUM [4, 25] . Farooq et al., who developed the CR-BHOM score, reported that it showed good discrimination for the prediction of post-operative mortality following colorectal surgery but a non-reasonable discrimination for post-operative morbidity [3] . Given our results, we suggest that although some of the variables that influence outcome are known, these scores must be reviewed to be applicable to the elderly population and should not, in their present form, be used either as an audit tool or as a decision-making instrument.
As expected, PS-P-POSSUM, OS-P-POSSUM, and OS-CR-POSSUM were all higher in emergent procedures compared with elective surgery (p<0.001). The observation that physiology scores were higher among patients with surgical mortality, with no differences in operative scores, indicates that only physiological variables influenced mortality, not surgical variables. This is supported by the logistic regression analysis that showed that the P-POSSUM physiology score, but none of the OS scores, was a predictor of mortality. These results strengthen the widely accepted opinion that, in elderly patients, it is the patient's health status and not the type of surgery that is mainly responsible for mortality. Both PS and OS scores were higher in patients with morbidities, which was expected and is consistent with the previously reported higher PS and OS scores in patients with complications [29] .
However, only the P-POSSUM physiology score was a predictor of morbidity.
Some strengths of our study are the fact that it includes 204 patients above 80 years old and a 5-year period and is the first study to compare classic scoring systems with a recent score, in such a specific and increasingly prevalent population. Some limitations are that it is a retrospective study, and given that individual variables of both physiology scores and operative scores were not analyzed, we cannot determine which variables are useful to the score and which do not influence the outcome in our population. Also, it is impossible to ascertain if our population is similar to the ones used in the development of the studied scores, but we know that it is an underprivileged population, malnourished and with poor sanitation conditions, and only the CR-BHOM score considers analytical nutritional parameters as a variable.
This study highlights that assessment of morbidity and mortality with the existing scores should be adapted to each specific population and strengthens the idea that major surgery can be offered to an elderly patient with good general health, with acceptable morbidity and mortality.
In summary, it is clear that the ideal score does not exist. Each population has its specific characteristics, and the variability of the existing scores depends on geographical location, social fabric of the studied population, and subgroups, e.g., age, type of admission and type of surgery. Therefore, these scores must be tested in each population retrospectively, and the score that proves to be the most adequate in that setting should be adapted to each unit and subpopulation. Henceforth, periodically and prospectively, the continued adequacy of that score to that population should be re-assessed. According to the results of this study, and in our unit, CR-POSSUM will be the score to use in assessing mortality and CR-BHOM in assessing morbidity, although only to provide us with an estimate. These scores will not be used to decide whether to operate on an elderly patient or not. In order to provide better healthcare services to these patients, future research should focus on seeking the variables and parameters that influence morbidity and mortality in the elderly, which are yet to be determined.
